Introduction
In previous papers [ 1 -3] we described various com pounds containing gold(I) and an imidazole (imH) or an imidazolato (im_) ligand, e.g.: (imH)"AuCl where n = 1, 1.5, or 2 [1] , or R 3PAu(im-Ar) where R = Ph, p-tolyl, or ethyl [2, 3] .
Because of the growing interest in gold(I) deriva tives, some of which are being used as drugs [4, 5] , it was decided to extend o u r investigation to some de rivatives where a bulky phosphine and imidazolato ligand are present. In addition, an X-ray crystal structure determ ination was to be carried out on one of the complexes obtained in order to exclude any carbon-metal bond like those found in osmium [6] , rhodium [7] , or iridium complexes [8] .
Results and Discussion
In preceding papers [2, 3] it was found that the general pattern of reaction between an imidazolato anion and LAuCl could be represented as follows:
LAuCl + im_ -> LAu(im-Ar) + Cl~S cheme 1. In the case of imidazole ligands L tried include Ph3P, (p-MeC6H 4)3P, and E t3P. In the case L = Ph3P vari ous imidazoles were tried having substituent(s) on different ring positions: in all these cases the corre sponding LAu(im-A0 derivative was obtained ac cording to the Scheme 1. We now find that with a more extended set of ligands (L or im~) the pattern becomes less simple as it can be seen by inspection of Scheme 2 where the new results are summarized.
The ligand L now includes Ph3A s, Ph3Sb, Cy3P, and (f-Bu)3P. The last two are considered bulky ligands, since their cone angle is 170° and 182°, respectively, values to be com pared with 132° and 145° assigned to E t3P or to Ph3P, respectively [9] , The ligand im " now includes the anion from imidazole, 2-methyl-, 2-isopropyl-, 4-nitro-imidazole and benzimidazole, that is species with an electron-donating, or electron with drawing, or bulky substituent.
The compounds obtained are colourless, air-stable crystalline solids, soluble in organic solvents with the exception of 1 which is likely to be a coordination polymer. They were identified through analytical, in frared and proton NM R data (Tables I and II) .
Crystal benzene was found in the case of 5 ( Fig. 2 ) which may be rem oved by washing with pentane.
In this way samples with 5 and without 6 crystal benzene are isolated; comparison between the two infrared spectra shows an intense vibration at 678 with a shoulder at 670 cm -1, to be assigned to the benzene molecule.
The reaction scheme emerging from our results shows that a two-coordinated gold(I) imidazolate is always form ed, and that the 2-M einT ligand dis- Partial, but independent, confirmation of this se quence comes from the values of the equilibrium constants for the reaction [10] AuCl2~ + L ^ LAuCl + C P
Schem e 3.
The values are 0.15, 13 and unm easurably large when L is Ph3Sb, Ph3As and Ph3P, respectively.
Finally, it is rem arkable but in line with coordina tion number two that the reaction p attern does not change when a bulky phosphine replaces Ph3P or E t3P, although the bigger steric hindrance of Cy3P in comparison with Ph3P is evident in their gold(I) com plexes of the L"AuSCN series: when L = Ph3P, two-, three-and four-coordinate complexes were obtained and characterized through X-ray crystal structures (n = 2 [11] , n = 3 [12] , and n = 4 [13, 14] resp.), while with L = Cy3P only the two-coordinate ionic species [(Cy3P )2A u ]+SCN_ has been reported [15] . The X-ray crystal structure of Cy3PAu(2-i'so-propylimidazolato-AO • C6H 6 (5 ) with the numbering scheme, drawn with the program O R T E P [16] , is reported in Fig. 1 . The crystal structure involves dis crete m onom eric molecules without any A u -A u in teraction.
The packing of the complex molecules in the crys tal ( Fig. 2 ) leaves space for a crystal benezene molecule, in agreem ent with analytical, IR and NM R evidence. Clathrated molecules are rather common in the crystalline gold(I) imidazolates or in complexes containing the Ph3PA u moiety such as (Ph3P)2A uCl [17] .
The bond distances and angles are listed inTable III. The coordination around the gold atom is nearly linear (177.0°) as often found with gold(I) [18] . The A u -P distance (2.255(2) Ä) is only slightly longer than those reported for the following compounds: Ph3PAuCl, 2.235(3) [19] , [Ph3PAu(3,5-dimethylpyrazole-./V]+, 2.235(5) [20] , C lA uP(Ph2)C H 2(Ph2)P A uC l, 2.238(5) [21] and [(Ph3PA u)2Cl]+, 2.230(5), 2.239(4), 2.240(6) and 2.232(4) Ä [22] . The frans-influence of an im idazolato anion seems then to be com parable with that of a neutral pyrazole or with that of a chloride ion, and it is clearly lower than that of an organic group, a phosphine or a cyanide ion, for which the following A u -P distances are available: Ph3PA uC H 3, 2.279(8) [23] [(Ph3P)2A u]+, 2.323(4) a n d 2.339(4) [17] , Ph3PA uCN, 2.27(1) [25] and [(Cy3P)2Au] + , 2.29(11) or 2.316(13) [15] .
Steric effects of the phosphorus ligand were previ ously recognized as im portant in determ ining the sta bility of metal complexes, in ligand-competition and ligand exchange [9] . A quantitative steric param eter is Tolm an's ligand cone angle $, which measures the ligand steric bulk. Though $ for symmetrical ligands should have cylindrical symmetry, symmetrical ligands actually often show cone angles of reduced symmetry. On this ground it is interesting to calcu late cone angles of ligands in X-ray crystal struc tures. The effective cone angle calculated for the P(c-C6H n ) 3 ligand in our compound shows that the three cyc/o-hexyl groups lie in positions without threefold or higher symmetry. The cone apex, cen tered on the gold atom, was located 2.255 Ä from the P atom; the apex angle of the cone, which touches the van der Waals radii of the outerm ost atoms (r = 1.17 Ä for H) turned out to be: 178.5, 165.1 and 148.2° concerning H ( 1 2 -l) , H (1 9 -2 ) and H (23-1) respectively. An effective cone angle similar to that for an unsymmetrical ligand can be obtained by taking the average ft value of the out erm ost H atoms of the three cyclo-hexyl groups: 163.9°, which is to be com pared with the modelbased value of 179 ± 10° [9] , and with the value of 170° based on the degree of substitution of CO by P(c-C6H n ) 3 from N i(C O ) 4 [9] . A rem arkable flexi bility of the P(c-C6H n ) 3 ligand is therefore evident. All three cyclo-hexyl groups are a chair conform a tion.
The gold-nitrogen distance (2.019(5) Ä) is similar to the values found in oth er two-coordinated gold(I) derivatives where the nitrogen atom has s/r-hybridization, such as [(p-C H 3C6H 4N = )(C 2H 50 )C A u ]3 (2.018(22), 2.037(23) and 2.045(21) Ä) [26] and is com parable with the values reported for iPrN H 2A u C = C P h (2.028(13) Ä) [27] , [Ph3PAu(3,5-dimethylpyrazole-Ar]+ (2.00(2) Ä) [20] or (piperidine)A uC l (2.068(18) Ä) [28] . The value re ported here for a gold(I)-diazole nitrogen distance confirms that the value of 1.93 (1) Ä found for A u -N bonds in tris[3,5-bis(trifluorom ethyl)pyrazolatoAr,Ar']-trigold(I) [29] is indeed exceptional.
The least-squares plane of the imidazolato ligand and related data, the displacements of atoms from it are given in Table IV .
In Table V , bond lengths and angles inside the heterocyclic ligand are com pared with literature data for imidazole and for various metal imidazolates. In particular, the bond lengths reported for unsubsti tuted imidazole are very similar to those observed in our com pound, except for N ( l) -C(2). Though the ligand ring deviates from planarity, all the CN and CC bonds lie in the range 1.32-1.40 Ä , to be com pared with 1.33 -1.38 Ä in the unsubstituted im idazole, in agreem ent with the established aromatic character of the latter and with the expected aromaticity of the im idazolato anion even if coordinated to a metal.
Experim ental
Preparation o f 1-9
1-Cy3PAu-2-/-Pr-imidazole • C6H 6 (5)
A dichlorom ethane solution (20 ml) of (C6H " ) 3P A u C M /3 C 6H 6 (0.806 g; 1.5 mM) and 2-isopropylimidazole (0.150 g; 1.36 mM) was added to an ice-cooled suspension of tetra-n-butylammonium hydrogen sulphate (0.462 g; 1.36 mM) in 1.5 ml of 2 N aqueous sodium hydroxide. A fter 2 h stirring at room tem perature, the organic layer was separated, washed with w ater till neutral washings, dried over sodium sulphate and evaporated to dry ness. The residue was extracted with benzene and the extract concentrated to ca. 10 ml; upon addition of n-pentane (7 ml) a product precipitated, which was crystallized twice, giving the analytical sample 5.
Compounds 2, 3 and 4 were obtained in the same way using imidazole and [(CH3)3C]3PAuC1, or benzimidazole and (C6H n )3PA uCl, or 4(5)-nitroimidazole and (C6H n )3PAuCl as starting m aterials. 4 was purified by several washings with benzene.
Com pound 6 was obtained by filtering a suspen sion of 5 in n-pentane after 2 h stirring at room tem perature.
[u-(2-Meim-iV,N')Au]", 1(a) To a m ethanol solution (20 ml) or 2-methylimidazole (0.100 g; 1.22 mM ), 1% sodium hydroxide (4.9 ml; 1.22 mM) in the same solvent and Ph3SbAuCl (0.784 g; 1.34 mM) were added. A white solid precipitated im mediately, which, after 15 min stirring at room tem perature, was filtered and washed repeatedly with m ethanol to give the analyti cal sample 1(a). The m ethanol solutions were con centrated to dryness. The residue was extracted with benzene, the extract concentrated to ca. 10 ml and, upon addition of n-hexane (2 ml), a product precipi tated, which was characterized by analytical and spectroscopic data as bis(triphenylstibine)chlorogold(I) (9) . The reaction repeated as described for 5 was immediate and gave the insoluble product 1 (a). The same results were obtained repeating the re action both in hom ogeneous medium and in heterogeneous medium working at 0 °C. N ( l (3) 104 (2) 104 (2) 109 (2) 111 (2) 110 (2) 103 (2) 105 (2) 112 (2) 111 (2) 109 (2) [ 110 ( 1) 112 ( 1) 106 (1) 104 (1) 107 (2) 107 (1) 116 (1) 114 (1) 109 (1) 107 (1) 102 ( 1) 105 (1) 109 (1) 110 (2) 111 (2) 108 (1) 105 (1) 104 (2) 105 (2) 110 ( 1) [ (1) 103 (1) 102 ( 1) 104 (1) 105 (1) 116 (1) 115 (1) 114 (1) 112 ( 1) 103 (1) 103 (1) 104 (1) 108 (1) 109 (1) 108 (1) 109 (1) 105 (1) 109 (1) 111 ( 1) 109 (1) 110 ( 1) [ 112 ( 1) 105 (1) 104 (1) 104 (1) 107 (1) 108 (1) 109 (1) 108 (1) 106 (1) 109 (1) 109 (1) 110 ( 1) 111 ( flections were collected at room tem perature within the angular range 2=S#s£25°, using the o>/2 # scan technique and a constant speed of 0 .20° s-1 in at: three standard reflections were m onitored every 240 min and showed only small random deviations about their mean intensities. The intensities were corrected for Lorentz and polarization effects and for absorption [38] .
Table V. Com parison o f the distances (Ä ) and angles (°) inside the imidazole ring.

Compound N ( l ) -C (2) C (2 )-N (3) N ( 3 ) -C ( 4 ) C ( 4 ) -C (5 ) C ( 5 ) -
An approximate absolute scale and a mean th e r mal factor were determ ined by W ilson's m ethod [39] . A total of 2804 reflections having I3= 3a(l) were con sidered to have observable intensity and used in the structure analysis.
Crystal data: C30H 48N2PA u, F.W . 664.77, m ono clinic, a 17.373(3) , b 14.833 The structure was solved by P atterson and Fourier methods. The positional and isotropic therm al para meters of the gold, phosphorus and two nitrogen atoms, derived from the three-dim ensional Patterson map, were refined to R 0.154 in three cycles of fullmatrix least-squares refinem ent. All the remaining non-hydrogen atoms w ere located from a three-di mensional difference F ourier synthesis phased on the Au, P, N atoms. Three cycles of least-squares refine m ent, including scale factor and individual isotropic therm al param eters, reduced the R index to 0.074. A fter two further refinem ent cycles with individual anisotropic therm al param eters, the R index dropped to 0.044. A t this point a three-dim ensional difference Fourier synthesis revealed the approxim ate positions of the hydrogen atoms. The subsequent refinem ent, including the hydrogen atom s with the same isotropic therm al param eters as the atom to which they are attached, reduced the conventional R index down to 0.039 (Rw = 0.030) after three least-squares cycles. In the early stages of the structure analysis, the ob served reflections were given unit weights, in the last two cycles a weight w = ct~2(|F o |) was used.
The atomic scattering factors for the non-hydrogen atoms were taken from the International Tables for X-ray Crystallography [40] while for hydrogen atoms those of Stew art et al. [41] were chosen.
Anom alous dispersion effects were included in the scattering factors. The final atomic coordinates and therm al param eters are listed in Tables VI and VII. The full crystal and structural data with a list of structure factos were deposited by Fachinform ationszentrum M athem atik, Physik, E nergie, D-7514 Leopoldshafen-Eggenstein, under ref.num ber 50988 and can be obtained on request.
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